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ULTRASONIC IMAGING APPARATUS 

This application is a continuation of application Ser. 
No. 07/868,117 ?led Apr. 14, 1992 now abandoned. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an ultrasonic imaging 
apparatus such as a medical ultrasonic diagnostic appa 
ratus from which ultrasonic information such as tomo 
graphic image data is obtained by scanning a subject 
with an ultrasonic beam. 

Description of the Related Art 

One feature of an ultrasonic imaging apparatus is that 
it is able to diagnose a subject more safely and easily 
than an image diagnostic apparatus such as an X-ray 
diagnostic apparatus. This feature is a great advantage 
in diagnosing the subject. The ultrasonic imaging appa 
ratus is now considered indispensable in the diagnosis of 
subjects, by virtue of this feature. 
One example of an ultrasonic imaging apparatus is an 

apparatus using re?ection of ultrasound. In this appara 
tus, a boundary between different acoustic impedances 
in ultrasonic waves is imaged, since the ultrasonic 
waves are re?ected by the boundary. The apparatus has 
a drawback in that it cannot provide diagnostic infor 
mation more suf?ciently than the X-ray diagnostic ap 
paratus which images a difference in absorption of X 
rays when the X rays penetrate an object, though it has 
the above-described advantage. 
The drawback of the ultrasonic imaging apparatus 

will be described below, in the context of the liver of a 
subject being diagnosed. Peritoneoscopy is convention 
ally used to diagnose a liver, and is performed as fol 
lows. A cavity is formed in the surface of a subject and 
a peritoneoscope is inserted therethrough between the 
surface of the liver and the peritoneum. A doctor can 
optically observe the surface of the liver by means of 
the peritoneoscope. Since the peritoneoscopy is an inva 
sion method, the doctor wishes to avoid using it, if 
possible. 
An alternative is to observe the surface of a liver by 

way of an ultrasonic imaging apparatus having the fea 
ture described above. Since, however, an ultrasonic 
tomographic image is an image of the boundary be 
tween different acoustic impedances, its resolution is 
low, and a boundary between the liver and other inter 
nal organs cannot clearly be distinguished in the ultra 
sonic tomographic image. More speci?cally, since the 
sections of various tissues such as the ventral wall, hepa 
tocyte, and vessels in the liver are imaged together in 
the ultrasonic tomographic image, the liver and other 
internal organs cannot be easily distinguished from each 
other. Further, the boundary between the liver and 
other internal organs is not represented as a clear thin 
line. Consequently, it is very dif?cult to observe the 
surface of the liver using the ultrasonic tomographic 
image. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to 
provide an ultrasonic imaging apparatus capable of 
easily distinguishing the surface structure of a speci?ed 
part of a subject. 
To attain the above object, there is provided an ultra 

sonic imaging apparatus having an ultrasonic probe for 
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2 
transmitting ultrasonic beams to a subject and receiving 
the ultrasonic beams from the subject to obtain ultra 
sonic information about the subject based on ultrasonic 
re?ection data items of ultrasonic scanning lines, com 
prising: 

phase information calculation mean for calculating 
phase information between ultrasonic re?ection data 
items of at least two of the ultrasonic scanning lines, 
which are near to each other; and 
boundary information generation means for generat 

ing boundary information about a speci?ed part of the 
subject based on the phase information. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and in 
part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and ob 
tained by means of the instrumentalities and combina 
tions particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo 
rated in and constitute a part of the speci?cation, illus 
trate presently preferred embodiments of the invention, 
and together with the general description given above 
and the detailed description of the preferred embodi 
ments given below, serve to explain the principles of the 
invention. 
FIG. 1 is a schematic view of an ultrasonic scan using 

a phased-array ultrasonic probe according to the pres 
ent invention; ‘ 

FIG. 2 is a view showing re?ected waves containing 
phase information using a phased array ultrasonic probe 
according to the present invention; 
FIG. 3 is a block diagram of an ultrasonic imaging 

apparatus according to a ?rst embodiment of the pres 
ent invention; 
FIG. 4 is a ?owchart showing operation of the ultra 

sonic imaging apparatus according to the ?rst embodi 
ment; 
FIG. 5 is a view showing a display example of a 

tomographic image formed by the ultrasonic scan using 
the phased-array ultrasonic probe of the present inven 
tiOn; 
FIG. 6 is a view showing a display example of bound 

ary data superimposed on the tomographic image 
formed by the ultrasonic scan of FIG. 5 using the 
phased-array ultrasonic probe of the present invention; 
FIG. 7 is a cross-sectional view of a catheter ultra 

sonic probe according to the present invention; 
FIG. 8 is a schematic view of an ultrasonic scan using 

the catheter ultrasonic probe according to the present 
invention; 
FIG. 9 is a view showing a display example of a 

tomographic image formed by the ultrasonic scan using 
the catheter ultrasonic probe of the present invention; 
FIG. 10 is a view showing a display example of 

boundary data superimposed on the tomographic image 
of FIG. 9 formed by the ultrasonic scan using the cathe 
ter ultrasonic probe of the present invention; 
FIG. 11 is a block diagram of an ultrasonic imaging 

apparatus capable of color display according to a sec 
ond embodiment of the present invention; 
FIG. 12 is a block diagram of an ultrasonic imaging 

apparatus capable of region display according to a third 
embodiment of the present invention; 
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FIG. 13 is a view of a display example of a tomo 
graphic image in the ultrasonic imaging apparatus ac 
cording to the third embodiment; ‘ 
FIG. 14 is a view showing a display example of only 

boundary data in the ultrasonic imaging apparatus ac 
cording to the third embodiment; 
FIG. 15 is a view showing a display example of only 

a liver in the ultrasonic imaging apparatus according to 
the third embodiment; 
FIG. 16 is a block diagram of an ultrasonic imaging 

apparatus capable of correcting a sound ?eld according 
to a fourth embodiment of the present invention; 
FIG. 17 is a schematic view of operation of the ultra 

sonic imaging apparatus according to the fourth em 
bodiment of the present invention; 
FIG. 18 is a schematic view of an ultrasonic scan of a 

three-dimensional region using the phased-array ultra 
sonic probe according to the present invention; 
FIG. 19 is a schematic view of an ultrasonic scan of a 

three-dimensional region using a three-dimensional ma 
trix type phased-array ultrasonic probe according to the 
present invention; 
FIG. 20 is a schematic view showing re?ected-wave 

signals produced by the ultrasonic scan of the three-di 
mensional region; 
FIG. 21 is a block diagram of an ultrasonic imaging 

apparatus in which three dimensional display and super 
imposition display are combined, according to a ?fth 
embodiment of the present invention; 
FIG. 22 is a block diagram of an ultrasonic imaging 

apparatus in which three-dimensional display and color 
display are combined, according to a sixth embodiment 
of the present invention; 
FIG. 23 is a block diagram of an ultrasonic imaging 

apparatus in which three-dimensional display and re 
gion display are combined, according to a seventh em 
bodiment of the present invention; and 
FIG. 24 is a block diagram of an ultrasonic imaging 

apparatus in which three-dimensional display and sound 
?eld correction are combined, according to an eighth 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

An ultrasonic imaging apparatus according to a ?rst 
embodiment of the present invention will now be de 
scribed, with reference to the accompanying drawings. 
First, a linear electronic scan using a phased-array ultra 
sonic probe will be described, with reference to FIG. 1. 
As shown in FIG. 1, a phased-array ultrasonic probe 

1 is constructed so that a number of thin transducer 
elements (ultrasonic transducers) are arranged on its 
bottom. The transducer elements transmit/receive ul 
trasonic beams through a cable 2. The ultrasonic beams 
are repeatedly transmitted/received with the underside 
of the ultrasonic probe 1 in contact with a body surface 
3 of a subject 5. 

In the linear electronic scan, the transducer elements 
are shifted every time the transmission/ reception of the 
ultrasonic beams is repeated. More speci?cally, as 
shown in FIG. 1, the ultrasonic beams are shifted little 
by little from the right side of FIG. 1, and luminance 
modulation signals (represented by dots in FIG. 1) are 
obtained on scanning lines 4 (yo, y1, . . . , y,,, . . . )corre~ 

sponding to the ultrasonic beams. An interval between 
the scanning lines 4 is, for example, 0.5 mm. If an ultra 
sonic scan is performed with the ultrasonic probe 1 in 
contact with the body surface 3 of the subject 5, the 
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4 
outline of a liver 6 (hereinafter referred to as liver sur 
face 7) is represented as an unclear line by which a 
boundary between the liver 6 and other internal organs 
cannot be distinguished. This unclear line usually corre 
sponds to an ultrasonic tomographic image which is to 
be displayed on a monitor (not shown), and actually not 
only the liver surface 7 but also the sections of various 
tissues such as a ventral wall, hepatocyte, and vessels in 
the liver 6 are displayed. 
An imaging mode for forming the ultrasonic tomo 

graphic image is generally called a B mode. In the B 
mode, amplitude infonnation on ultrasonic re?ected 
waves of the ultrasonic scanning lines is imaged. Ac 
cording to the present invention, however, phase infor 
mation between ultrasonic re?ected waves of at east 
two nearby ultrasonic scanning lines is imaged. 
The phased-array ultrasonic probe includes a probe 

having transducer elements two-dimensionally ar 
ranged on a plane, a convex probe having transducer 
elements two-dimensionally arranged on a curved sur 
face, a probe having transducer elements arranged 
three-dimensionally, and the like. These probes are 
applied to an electronic scan. 
A mechanical scan ultrasonic probe is applied to a 

mechanical scan and includes a normal-sized probe, and 
a very-small-sized catheter ultrasonic probe which will 
be described in detail later. 
As a single image mode, there is a B mode, a motion 

mode, a bloodstream imaging mode, and the like. As a 
scanning method, there is a linear scan, a sector scan, a 
radial scan, a convex scan, and the like. 
The liver surface 7 is represented as an unclear line. 

FIG. 2 shows re?ected waves corresponding to the 
scanning lines 4. In FIG. 2, the abscissa indicates time t 
which elapses from when a pulse is emitted, and the 
re?ected waves are shown in correspondence with the 
scanning line y, in which a scan of the liver 6 starts and 
its subsequent scanning lines y-; to y”. If, in the scanning 
line y6, time required from emission of an ultrasonic 
pulse to return of its re?ected wave from the liver sur 
face 7 is t@, and the average sonic speed of the subject 5 
is c, a distance x6 between the body surface 3 and the 
liver surface 7 is given by the following equation: 

According to the equation (1), the time t6 is propor 
tionate to the distance x6, and time t can be regarded as 
distance x. If the average sonic speed c the subject 5 is 
about 1540 m/sec and the distance x6 is 20 mm, the time 
t is about 26 psec. To form a tomographic image using 
these re?ected waves, the re?ected waves (P6, P7, . . . , 

Pm . . . ) are detected and an envelope (amplitude infor 

mation) is used as a luminance modulation signal. If the 
peaks of the amplitudes of the re?ected waves are 
traced, an image indicative of the liver surface 7 can be 
detected. However, since a number of re?ected waves 
are re?ected by a body part 8 other than the liver sur 
face 7, the peaks cannot be easily detected or and the 
distance x6 cannot be precisely obtained. 
While amplitude information of re?ected waves is 

used in a conventional method, phase information of 
re?ected waves is used in the present invention; there 
fore, the position of the liver surface 7 can be reliably 
and precisely detected. 
A method of observing the liver surface according to 

the present invention will be described in detail. 
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First, a small time interval (for example, 3 p, sec) 
including the pulse (wave) P6 re?ected by the liver 
surface 7 in the scanning line y, is designated, and time 
A t(,,7 in which a cross-correlation between the pulse P6 
and its subsequent pulse P7 is maximized in the same 
interval, that is, time corresponding to a shift in phase 
between the pulses P6 and P7 is obtained. The time inter 
val is then shifted by A t6,7, and time A [73 is obtained 
from a cross-correlation between pulses P7 and P3. In 
this way, the same operation continues. 
The distances x7, x3, . . . , x”, . . . between the body 

surface 3 and the liver surface 7 in the respective scan 
ning lines are obtained from A t6,7, A 173, . . . , A t,,_1,n, 

. , on the basis of x6. These distances are given by the 
following equations (2): 

X7 = x6 + (c/A t6,7) ' (2) 
X8 = X6 + (v/lXA 16.7 + A 17.8) 

The operations of the equations (2) are not always 
performed for adjacent ultrasonic scanning lines. They 
can be performed for nearby ultrasonic scanning lines, 
for example, P6.and P8 or P6 and P9, and the average 
thereof contributes to a decrease in error. The opera 
tions performed for the adjacent ultrasonic scanning 
lines produce a highly-precise result, and the operations 
performed for not adjacent but nearby ultrasonic scan 
ning lines are very effective when the re?ected waves 
are relatively near to the body surface, that is, when the 
liver surface 7 (outline) is virtually parallel to the body 
surface. 
The above method according to the present invention 

makes use of a slight shift in high-frequency signals 
(waveforms) including phase information of adjacent 
re?ected waves on a time basis. Because of the similar 
ity between the waveforms of the adjacent re?ected 
waves, exactness and precision of measurement can be 
considerably enhanced. The envelope of the waveforms 
is required only if the amplitude information based on 
which a tomographic image is formed is given. For 
example, if a 3-cycle pulse of 5 MHz is emitted, its 
resolution A M corresponding to a distance which is 
three times as long as the wavelength of the pulse, is 
expressed as follows: (the resolution is reduced to half 
since the wave is re?ected) 

If the phase information is used, the precision which 
is l/lO times as high as that using the amplitude infor 
mation and, in this case, the resolut' an A x, is expressed 
as follows: 

Consequently, A x,4>>A xp and it is found that the 
precision in measurement using the phase information is 
much higher than that using the amplitude information 
only. 
As noted above, high precision cannot be achieved 

by conventional ultrasonic diagnostic apparatuses. With 
the present invention, it is thus possible to detect the 
irregularities of a liver surface or the like with a preci 
sion of ten times higher that in the conventional appara 
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6 
tuses. It is therefore possible to display the liver surface 
at a l0>< magni?cation to observe its structure. 
A method of obtaining the time A t5,7, A t7,g, A t3,9, . 

. . , A t,,_1,n, . . . from positions in the same phase is not 

limited to cross-correlation. The time can be obtained 
by orthogonally detecting a phase using a reference 
signal and by using a shift in the phase, or by tracing a 
shift in phase using a phase-locked loop circuit. 
FIG. 3 is a block diagram of an ultrasonic diagnostic 

apparatus capable of performing the above operations 
according to the ?rst embodiment of the present inven 
tion. As shown in FIG. 3, pulses are transmitted from a 
transmission/reception scanning controller 13 to an 
ultrasonic probe 1 having a direction and a position that 
are set by a direction/position setting device 12. The 
ultrasonic probe 1 transmits ultrasonic pulses to a sub 
ject and receives re?ected ultrasonic waves. The re 
ceived waves are synthesized in the transmission/recep 
tion scanning controller 13, and a directional ultrasonic 
reception signal is output. The transmission/reception 
scanning controller 13 includes a pulser, a preampli?er, 
a transmission/reception delay circuit, an adder circuit, 
and the like and is controlled by a CPU 11. 
The amplitude (envelope) of the ultrasonic reception 

signal output from the transmission/reception scanning 
controller 13 is detected by a detection circuit 14, and it 
is changed into a video signal. The video signal is A/D 
converted by an A/D converter 15. The A/D-con 
verted video signal is synthesized by a DSC 16 (digital 
scan converter) and is displayed as an image on the 
monitor 17. This is a normal process of forming a tomo 
graphic image. 
The reception signal of the transmission/reception 

scan controller 13 is A/D-converted as a high-fre 
quency signal by another A/D converter 18 and is 
stored in a memory 19. Upon receipt of a signal of the 
succeeding scanning line, cross-correlation between this 
signal and the signal of the preceding scanning line 
stored in the memory 19 is performed, thereby obtain 
ing the maximum value of A t. This value is sent to the 
DSC 16 and is superimposed on the tomographic image 
on the monitor 17. More speci?cally, the value A t is 
displayed by a line having strong luminance or a broken 
line so that it can be distinguished from the tomographic 
image and is processed independently thereof. The 
value A t is input to the memory 19. Since the value A 
t is superimposed on the tomographic image, it can be 
detected whether the value is correctly obtained or not. 
The value A t can be corrected and displayed in an 
enlarged manner. 
The initial position is input/output to/from an opera 

tion unit 20 through the CPU 11 and an interface such 
as a mouse (not shown in FIG. 3). With respect to the 
processing after the transmission/ reception scanning 
controller 13, a signal output from the controller 13 can 
be digitally processed by the A/D converter 18 and, 
when the controller 13 processes a digital high-fre 
quency signal, neither of the A/D converters 15 and 18 
is needed. 
An operation of the ultrasonic diagnostic apparatus 

according to the ?rst embodiment will now be de 
scribed, with reference to FIG. 4. 

In step 100, a power supply is turned on to start the 
ultrasonic diagnostic apparatus. To acquire data of the 
O-th scanning line, a transducer element corresponding 
to the O-th scanning line transmits/receives an ultra 
sonic beam through steps 101, 102 and 103. In step 104, 
envelope detection information corresponding to the 










